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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: In recent years, there has been a growing
body of research focused on cardiorenal biomarkers associated
with adverse cardiovascular outcomes. This trend reflects the
ongoing need to improve diagnostic and prognostic strategies
in clinical practice. At the same time, an increasing number
of novel biomarkers are being identified, warranting a critical
evaluation of their clinical relevance. This review examines
current scientific literature addressing the role of the cardiorenal
biomarkers Klotho and cystatin C, highlighting their diagnostic
and prognostic potential, as well as the prospects for their
integration into routine medical care.

Aim: To analyze literature data on potential cardiorenal
biomarkers as predictors of adverse clinical outcomes in patients
with cardiovascular diseases.

Search Strategy: A literature search was conducted using
the scientific databases PubMed, Web of Science, and Google
Scholar, as well as electronic scientific libraries eLibrary and
CyberLeninka. The search covered a five-year period (2019—
2024) and focused on cardiorenal biomarkers as predictors of
adverse outcomes in cardiovascular diseases.

Results: This literature review focuses on studies examining
cardiorenal biomarkers of adverse cardiovascular outcomes,
specifically the proteins Klotho and cystatin C. These biomarkers
reflect a range of pathophysiological processes, including
myocardial fibrosis, inflammation, endothelial dysfunction, and
renal impairment. The analysis of current evidence suggests
that the use of such biomarkers enhances the early detection
of cardiovascular pathology, facilitates risk stratification, and
supports dynamic patient monitoring. Their incorporation
into clinical practice is contributing to the development of
personalized treatment strategies and improving the precision
of diagnostic assessments, ultimately leading to better clinical
outcomes.

Conclusions: A review of recent literature on cardiorenal
biomarkers associated with adverse cardiovascular outcomes
highlights the strong diagnostic and prognostic relevance of
Klotho and cystatin C. Reduced levels of Klotho have been
linked to both endothelial and renal dysfunction, while cystatin
C is recognized as a sensitive indicator of impaired kidney
function. Further research is needed to establish standardized
thresholds, refine assessment methodologies, and support the
integration of these biomarkers into everyday clinical practice.

Key words. Cardiovascular diseases, clinical and laboratory
predictors, cardiorenal biomarkers, Klotho protein, cystatin C,
prognosis, diagnosis.
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Introduction.

Heart failure remains a major and steadily intensifying global
health concern, marked by substantial mortality rates and a
significant decline in patients’ quality of life. Estimates suggest
that approximately 64.3 million people worldwide are affected
by this condition. Meta-analytical findings indicate that survival
rates among individuals with heart failure are 86.5% at one year,
72.6% at two years, 56.7% at five years, and drop to just 34.9%
by the tenth year [1]. Since 2002, the incidence of heart failure
has risen by nearly 25%, a pattern attributed to demographic
aging, improved management of acute coronary syndromes,
and the increased prevalence of key risk factors, notably
hypertension and atrial fibrillation [2]. Given its high burden
and generally unfavorable prognosis, growing efforts are being
directed toward identifying more informative biomarkers that
can better capture the underlying disease mechanisms and help
anticipate clinical deterioration. Contemporary research trends
advocate for the use of biomarker panels rather than relying on a
single indicator, aiming to improve risk classification and tailor
prognostic strategies more precisely [3-5]. A specific area of
interest is cardiorenal syndrome (CRS), a complex condition
involving reciprocal dysfunction between the cardiovascular
and renal systems. As CRS advances, it is often accompanied
by compromised organ perfusion, endothelial cell dysfunction,
and heightened inflammatory and oxidative responses—all of
which contribute to progressive failure of both organs [6-8].
Endothelial cells, forming the inner lining of blood vessels, are
vital for regulating vascular tone, immune surveillance, and
metabolic exchange. Their impaired function is recognized as a
key contributor to the pathophysiology of CRS. In this context,
attention has increasingly turned to biomarkers that capture both
cardiac and renal impairment. Among the most promising is the
a-Klotho protein, which plays an important role in anti-aging
pathways and the maintenance of vascular integrity. Reduced
a-Klotho expression has been linked to an elevated risk of
atherosclerosis, organ dysfunction, pulmonary emphysema, and
other degenerative conditions, while higher expression appears
to promote longevity and delay disease progression [9,10].
Cystatin C (Cys C), another important biomarker, is a non-
glycosylated protein that serves as a sensitive marker of renal
filtration. Its blood concentration has also been associated with
cardiac remodeling processes, making it a valuable tool for both
diagnostic and prognostic applications—particularly in cases of
heart failure with preserved ejection fraction (HFpEF) [11]. This
article presents a narrative synthesis of recent studies exploring
the diagnostic and prognostic roles of Klotho and cystatin C in
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the context of heart failure and cardiorenal interactions

Aim. To analyze literature data on potential cardiorenal
biomarkers as predictors of adverse clinical outcomes in patients
with cardiovascular diseases.

Search Strategy.

The literature search was conducted using the PubMed, Web
of Science, Google Scholar, eLibrary, and CyberLeninka
databases, covering publications from 2019 to 2024. The search
focused on studies examining cardiorenal biomarkers in the
context of cardiovascular diseases, with particular attention
to the diagnostic and prognostic value of Klotho protein and
cystatin C.

Relevant scientific articles were identified using English
and Russian keywords, including “cardiovascular diseases,”
“heart failure,” “biomarkers,” “Klotho protein,” “cystatin C,”
“cardiovascular prognosis,” and “risk stratification.”

The review included peer-reviewed full-text publications,
as well as data from international clinical guidelines and
contemporary statistical reports. Priority was given to studies
that discuss the clinical applicability, predictive potential,
and mechanistic relevance of the selected biomarkers within
cardiovascular pathology.

Ethical Statement:

Our analysis is based on studies previously conducted by other
authors; therefore, no ethical committee approval or patient
informed consent was required for this review.

Results and Discussion.

Biology of the Klotho Gene:

In 1997, the klotho gene was identified as encoding a membrane
protein with sequence homology to B-glucosidase enzymes.
It was recognized as a key regulator of aging processes, as its
reduced expression in mice resulted in a phenotype resembling
human aging, characterized by shortened lifespan, infertility,
arteriosclerosis, and other age-related pathologies [9]. In
humans, the Klotho gene is located on chromosome 13q12 and
extends across approximately 50 kilobases, comprising five
exons. While its expression is most prominent in renal tissue,
the Klotho protein is also found in several other organs, such
as the prostate, lungs, liver, skeletal muscles, aorta, pancreas,
and brain. The KIB gene, a paralog of Klotho, is located on
chromosome 4 and shares a similar genomic organization and
overall length with the Klotho gene. Adipose tissue serves
as the principal site of B-Klotho expression; nevertheless,
its presence has also been identified in various other tissues,
such as the lungs, pancreas, aorta and heart. Both genes give
rise to protein isoforms that exist in membrane-bound as well
as secreted forms [12]. Currently, three isoforms of a-Klotho
have been identified: the full-length transmembrane form, a
truncated soluble variant, and a secreted version. The full-
length isoform of a-Klotho functions as a co-receptor for
fibroblast growth factor 23 (FGF23), playing an essential role
in regulating phosphate metabolism and maintaining mineral
homeostasis [13]. The soluble and secreted isoforms of
a-Klotho, collectively known as a-Klotho protein, exert a wide
range of physiological effects through both systemic endocrine
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and local paracrine signaling pathways, influencing various
organs such as the kidneys, bones, brain, cardiovascular system,
lungs, and vascular endothelium [14-17]. The third member of
the Klotho protein family is a transmembrane protein encoded
by the Lctl gene. Due to its structural resemblance to lactase,
it is commonly referred to as y-Klotho, KLPH, or LCTL. In
humans, this gene is situated on chromosome 15 and displays
generally low expression across the majority of tissues, with
the highest levels detected in the testes. Among the members of
the Klotho protein family, the Klgene demonstrates the highest
expression, whereas Lctl exhibits the lowest [18]. a-Klotho and
B-Klotho contain two extracellular subdomains (KL1 and KL2),
a transmembrane domain, and a cytoplasmic domain, whereas
y-Klotho comprises only a single extracellular KL.1 domain.
The extracellular domains of Klotho proteins share homology
with B-glucosidases but lack the catalytic glutamate residue
required for hydrolase activity. The short cytoplasmic domain of
Klotho protein is incapable of independent signal transduction,
precluding intrinsic receptor activity. Instead, the extracellular
domains interact with receptors and ligands, modulating their
function in a manner dependent on receptor type and tissue-
specific expression levels [19]. Research suggests the ternary
complex of FGF23, FGFR1c, and a-Klotho plays a crucial role
in regulating calcium and phosphate homeostasis, as well as
vitamin D metabolism, by activating the Ras/MAPK signaling
pathway in cells expressing Klotho protein. In contrast, in the
absence of Klotho protein, FGF2 initiates an alternative signaling
cascade via PLCy, calcineurin, and NFAT [20]. Retrospective
studies indicate the potential of a-Klotho as a novel biomarker
for the diagnosis of various age-associated conditions, including
heart failure, hypertension, diabetes mellitus, and an elevated
risk of cardiovascular mortality [21].

Molecular Mechanisms of a-Klotho

In addition, the Klotho protein exhibits notable antioxidative
capabilities, promoting the survival of human umbilical vein
endothelial cells (HUVECs) under conditions of oxidative
stress by upregulating the activity of critical antioxidant
enzymes such as superoxide dismutase (SOD), catalase, and
heme oxygenase-1 (HO-1), while concurrently suppressing
apoptotic pathways. Klotho protein promotes nitric oxide (NO)
production and the neutralization of reactive oxygen species
(ROS) through activation of the PI3K/Akt signaling cascade and
upregulation of the transcription factor Nrf2, a key regulator of
cellular antioxidant defense systems [22]. Moreover, circulating
a-Klotho is essential for maintaining endothelial function
by restoring endothelium-dependent vasodilation, inhibiting
apoptotic processes, and enhancing endothelial regeneration,
thereby contributing to the preservation of vascular endothelial
integrity. By modulating calcium ion (Ca?")-dependent
processes through its interaction with TRPC1 and VEGFR-2,
a-Klotho reduces vascular permeability. Additionally, it inhibits
VEGFR-2 phosphorylation and endocytosis, thereby preventing
apoptosis-associated alterations in vascular permeability,
downregulation of cadherin expression, and the activation of
Ca*"-dependent enzymes, including calpain and caspase-3.
Moreover, soluble Klotho protein demonstrates significant anti-
inflammatory properties by suppressing NF-kB activation and



attenuating TNF-a-induced expression of adhesion molecules
ICAM-1 and VCAM-1 in endothelial cells [23,24]. Thus,
a-Klotho exerts a protective effect on the endothelium through
its antioxidative and anti-inflammatory properties, as well as its
role in the regulation of calcium homeostasis.

Cardiovascular Significance of a-Klotho

In the PEACE trial, which included 3,555 individuals with
stable ischemic heart disease and a preserved left ventricular
ejection fraction (LVEF >40%), lower circulating concentrations
of a-Klotho were found to be independently associated with
a greater risk of cardiovascular death and a higher incidence
of heart failure-related hospitalizations. This relationship
remained statistically robust even after controlling for multiple
biomarkers, such as glomerular filtration rate, cystatin C,
albumin-to-creatinine ratio, fibroblast growth factor 23 (FGF23),
troponin T, NT-proBNP, and C-reactive protein. Moreover,
the combination of reduced a-Klotho levels with elevated
FGF23 further amplified the risk of mortality or ischemia-
related hospitalizations [25]. urthermore, Klotho protein
deficiency has been associated with compromised ischemia-
induced neovascularization and upregulation of plasminogen
activator inhibitor-1 (PAI-1), which collectively contribute
to the advancement of fibrotic remodeling, dysfunction of
the sinoatrial node, and an increased susceptibility to sudden
cardiac death [24]. A study demonstrated that prolonged 20-
hour stress exposure increases the incidence of sudden cardiac
death, potentially due to impaired conduction or sinoatrial-atrial
node blockade. However, the precise molecular and cellular
mechanisms underlying this effect remain inadequately defined.
It is hypothesized that a-Klotho expression in the sinoatrial node
plays a pivotal role in modulating ion channel activity, thereby
regulating the excitability of pacemaker cells [26]. Elevated
levels of FGF23 and reduced concentrations of a-Klotho have
been associated with arrhythmic episodes in patients with
paroxysmal or persistent atrial fibrillation [27]. a-Klotho plays
a modulatory role in the activity of several plasma membrane
ion channels, including sodium/phosphate co-transporters,
Na/K*-ATPases, calcium channels, and hERG potassium
channels. These channels are essential for maintaining proper
cardiac electrical conduction, repolarization processes, and
the prevention of abnormal myocardial excitability. These
mechanisms underscore o-Klotho as a critical modulator
of cardiac function and a potential therapeutic target [19].
a-Klotho deficiency is hypothesized to play a pivotal role in
the development of arterial stiffness, a critical factor in the
pathogenesis of hypertension. Experimental studies have
demonstrated that mice with partial a-Klotho deficiency (K1+/-
genotype) exhibit increased pulse wave velocity, elevated blood
pressure, and higher aldosterone levels. Arterial stiffness serves
as an early indicator of detrimental structural and functional
vascular alterations, substantially increasing the risk of ischemic
heart disease and stroke [28-30]. Furthermore, a-Klotho
deficiency in aortic smooth muscle cells has been shown
to activate autophagy, reduce elastin levels, and upregulate
scleraxis expression, thereby promoting the development of
arterial stiffness [31]. The physiological manifestations observed
invivo, such as elevated pulse wave velocity and increased blood
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pressure, are consistent with underlying cellular and molecular
alterations. Notably, a-Klotho has been shown to suppress the
transcription of CYP11B2, the gene encoding a critical enzyme
involved in aldosterone biosynthesis within the adrenal cortex
[32]. Furthermore, under conditions of angiotensin II-induced
cardiac hypertrophy and fibrosis, Klotho protein has been
shown—both in vivo and in vitro—to suppress the expression
of fibroblast growth factor 23 (FGF23) in myocardial tissue.
Fibroblast growth factor 23 (FGF23), primarily synthesized in
bone tissue, plays a key role in maintaining phosphate balance
by suppressing its reabsorption in the renal proximal tubules
and limiting its overall excretion from the body. A growing
body of research indicates that increased circulating levels
of FGF23 represent a clinically significant risk factor, linked
to higher rates of cardiovascular morbidity and mortality.
Elevated levels of FGF23 have been associated with increased
left ventricular mass and the onset of hypertrophy, as well as
with higher mortality rates among individuals with end-stage
renal disease and ischemic heart disease [33]. One of the
earliest studies on a-Klotho demonstrated a notable correlation
between its circulating levels and both the severity of disease
and mortality risk in patients with chronic coronary syndrome
(CCS). An analysis of data from 9,871 adults identified a
significant correlation between serum a-Klotho levels and the
severity of CCS. Lower a-Klotho levels were independently
linked to a higher likelihood of chronic coronary syndrome,
a 21% increase in all-cause mortality, and a 76% rise in
cardiovascular mortality among affected individuals [34].
The molecular mechanisms underlying the pathogenesis of
cardiovascular and renal diseases remain a primary focus of
scientific inquiry, as understanding protein interactions in
pathological processes offers new prospects for therapeutic
innovation. The a-Klotho protein, known for its pleiotropic
biological actions, is essential for preserving cardiovascular
and renal homeostasis. It contributes to the prevention of
cardiomyopathy, heart failure, arterial hypertension, and
renal impairment. Its participation in cardioprotective and
nephroprotective pathways, as well as its regulation at both the
serum level and within target cells, is essential for sustaining
cellular metabolism and physiological equilibrium. Therefore,
a-Klotho represents a promising therapeutic target for both the
treatment and prevention of cardiovascular and renal diseases,
paving the way for the development of advanced diagnostic and
therapeutic strategies.

Cystatin C.

Renal Function Assessment Using Cystatin C:

Cystatin C is a low-molecular-weight protein (13 kDa)
produced by all nucleated cells in the human body. It is
freely filtered through the glomeruli and is subsequently fully
metabolized within the proximal renal tubules [35]. Cystatin C
is employed as a biomarker for estimating glomerular filtration
rate (GFR), analogous to serum creatinine. However, its levels
are considered less susceptible to external factors such as
age, sex, or muscle mass, thereby providing a more reliable
assessment of renal function [36]. The definition and staging
of chronic kidney disease (CKD) are of paramount importance
for risk stratification, as CKD is strongly associated with an



elevated risk of cardiovascular disease (CVD), end-stage renal
disease (ESRD), and overall mortality [37]. A meta-analysis of
11 studies comprising over 90,000 participants reported that the
prevalence of an estimated glomerular filtration rate (eGFR)
below 60 mL/min/1.73 m? was 10% when determined using
serum creatinine (sCr), compared to 14% when assessed with
cystatin C (CysC) [29]. Among individuals with an eGFRcr of
60—-89 mL/min/1.73 m?, CysC reclassified 14% into the <60 mL/
min/1.73 m? category. Furthermore, in patients with an eGFRecr
0f45-59 mL/min/1.73 m?, CysC reclassified 42% into lower and
24% into higher eGFR categories, underscoring its potential for
refining renal function assessment. Moreover, when estimated
GFR was recalculated using cystatin C (eGFRcys), leading to
a reclassification to a milder stage of chronic kidney disease
compared to creatinine-based estimates (eGFRcr), this shift was
linked to a lower risk of progressing to end-stage renal disease
(ESRD). Conversely, the reclassification of eGFRcys to a more
advanced CKD stage was linked to an increased risk of ESRD
progression [38,39]. In the REGARDS study, which evaluated
data from 26,643 adults across the United States, individuals
who were reclassified to a more severe stage of chronic
kidney disease based on cystatin C—estimated GFR (eGFRcys)
demonstrated a fourfold higher risk of progressing to end-stage
renal disease compared to those reclassified to a less advanced
stage [40]. Within the framework of the Cardiovascular Health
Study, a decline in eGFR below 60 mL/min/1.73 m? was
associated with an increased risk of end-stage renal disease,
but only when this reduction was confirmed using cystatin C—
based estimates [41]. Over the past 20 years, multiple large-
scale studies and meta-analyses involving populations with
and without chronic kidney disease (CKD) have consistently
shown that cystatin C (CysC) has a stronger and more linear
relationship with both all-cause mortality and cardiovascular
disease risk than serum creatinine (sCr) [38,40,42-45]. In a
2017 study conducted by Opotowsky et al., it was found that in
patients with Fontan circulation, the glomerular filtration rate
(GFR) estimated using cystatin C was significantly lower than
that of healthy individuals (114.2 + 22.8 vs. 136.3 + 12.8 mL/
min/1.73 m?; p < 0.0001). A higher cystatin C-based GFR was
associated with a lower risk of adverse events (HR per 1 SD =
0.66; 95% CI: 0.48-0.90), whereas creatinine-based GFR did
not demonstrate a similar association. The authors concluded
that cystatin C serves as a more informative prognostic marker
in this patient population [46].

Cardiovascular and Prognostic Value of Cystatin C

A recent study demonstrated that the sarcopenia index
(SI), derived from the creatinine-to-cystatin C ratio, is an
independent factor associated with heart failure with preserved
ejection fraction (HFpEF). Furthermore, a diagnostic model
incorporating SI exhibited high accuracy and clinical relevance.
Given that sarcopenia is a common comorbidity in heart failure,
including HFpEF, and adversely impacts physical function and
patient prognosis, its assessment may offer valuable insights
for risk stratification and clinical management [47]. A study
further demonstrated a significant correlation between serum
homocysteine (Hcy) and cystatin C (CysC) levels and key
clinical parameters, including cardiac function, ventricular
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remodeling, and overall prognosis in patients with heart
failure with preserved ejection fraction (HFpEF). Patients with
elevated levels of these biomarkers exhibited compromised
cardiac function, more pronounced alterations in left ventricular
geometry—as indicated by increased left ventricular end-
diastolic diameter (LVEDD), end-systolic diameter (LVESD),
and left ventricular mass index (LVMI)—as well as a greater
risk of unfavorable cardiovascular outcomes [11]. Moreover,
a study demonstrated that the prevalence and progression of
chronic kidney disease (CKD) increase with advancing age,
with estimates varying depending on the filtration marker
utilized. Creatinine-based eGFR (eGFRcr) yielded the lowest
CKD prevalence rates, whereas cystatin C-based eGFR
(eGFRcys) more frequently identified CKD, particularly in
older age groups. The progression of CKD was least pronounced
when assessed using eGFRer (9%) and most pronounced with
eGFRcys (18%), underscoring the influence of filtration marker
selection on disease classification and longitudinal monitoring
[48]. Thus, cystatin C (CysC) is an invaluable and precise
marker of renal function, increasingly integrated into clinical
practice due to its ability to minimize the influence of factors
such as age, sex, and muscle mass. It provides a more reliable
estimation of glomerular filtration rate (GFR) compared to
creatinine, particularly in elderly patients and complex clinical
scenarios. The utility of CysC extends beyond the diagnosis and
classification of chronic kidney disease (CKD), encompassing
applications such as renal function monitoring, cardiovascular
risk prediction, and the optimization of clinical decision-
making. The expanded implementation of CysC across diverse
clinical settings enhances diagnostic accuracy and contributes
to more effective management of patients with kidney disease
and associated comorbidities, paving the way for advancements
in personalized medicine.

Conclusion.

The biomarkers a-Klotho protein and cystatin C exhibit high
diagnostic and prognostic value in assessing cardiovascular
and renal risk. o-Klotho protein plays a pivotal role in
cardiovascular and renal protection by regulating metabolic and
antioxidative processes, positioning it as a potential therapeutic
target. Cystatin C, a highly accurate marker of renal function,
surpasses creatinine in estimating glomerular filtration rate
and holds significance not only in the diagnosis of chronic
kidney disease but also in the prediction of cardiovascular
complications. Further research is essential to standardize the
clinical implementation of these biomarkers and optimize their
utility in routine medical practice.
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